obJect Infections following spine surgery negatively affect patient quality of life (QOL) and impose a significant financial burden on the health care system. Postoperative wound infections occur at higher rates following dorsal cervical procedures than ventral procedures. Quantifying the health outcomes and costs associated with infections following dorsal cervical procedures may help to guide treatment strategies to minimize the deleterious consequences of these infections. Therefore, the goals of this study were to determine the cost and QOL outcomes affecting patients who developed deep wound infections following subaxial dorsal cervical spine fusions. methodS The authors identified 22 (4.0%) of 551 patients undergoing dorsal cervical fusions who developed deep wound infections requiring surgical debridement. These patients were individually matched with control patients who did not develop infections. Health outcomes were assessed using the EQ-5D, Pain Disability Questionnaire (PDQ), Patient Health Questionnaire (PHQ-9), and visual analog scale (VAS). QOL outcome measures were collected preoperatively and after 6 and 12 months. Health resource utilization was recorded from patient electronic medical records over an average follow-up of 18 months. Direct costs were estimated using Medicare national payment amounts, and indirect costs were based on patients' missed workdays and income. reSultS No significant differences in preoperative QOL scores were found between the 2 cohorts. At 6 months postsurgery, the noninfection cohort had significant pre- to postoperative improvement in EQ-5D (p = 0.02), whereas the infection cohort did not (p = 0.2). The noninfection cohort also had a significantly higher 6-month postoperative EQ-5D scores than the infection cohort (p = 0.04). At 1 year postsurgery, there was no significant difference in EQ-5D scores between the groups. Health care-associated costs for the infection cohort were significantly higher ($16,970 vs $7658; p < 0.0001). Indirect costs for the infection cohort and the noninfection cohort were $6495 and $2756, respectively (p = 0.03). Adjusted for inflation, the total costs for the infection cohort were $21,778 compared with $9159 for the noninfection cohort, reflecting an average cost of $12,619 associated with developing a postoperative deep wound infection (p < 0.0001). coNcluSioNS Dorsal cervical infections temporarily decrease patient QOL postoperatively, but with no long-term impact; they do, however, dramatically increase the cost of care. Knowledge of the financial burden of wound infections following dorsal cervical fusion may stimulate the development and use of improved prophylactic and therapeutic techniques to manage this serious complication.
P ostoPerative wound infections are common and serious complications of spine surgery, occurring in 0.5%-20% of cases depending on location, case complexity, instrumentation, approach, and comorbidities. 4, 6, 8, 30, 34 Postoperative spinal infections present a challenge to surgeons, as they require urgent diagnosis and management to prevent deleterious sequelae, such as acute neurological decompensation, osteomyelitis, pseudarthrosis, and epidural abscess. 12, 19 Accordingly, their management must be aggressive, often requiring surgical debridement, additional imaging and laboratory tests, and culture-directed parenteral antibiotic therapy. 2, 15 The dorsal surgical approach to the cervical spine has a 4.5%-9% postoperative infection rate compared with a 0%-1% rate associated with a ventral approach. 3, 7, 17, 21 Whereas preoperative risk factors for postoperative cervical infections (including smoking, diabetes, and intraoperative blood loss) have been investigated, few studies have assessed the quality of life (QOL) and hospital costs associated with these infections. 24, 33 Quantifying cost and QOL parameters will help assess the utility of prophylactic and postoperative management strategies for postoperative wound infections. In the present study, we analyzed patient-reported outcome (PRO) data as well as direct and indirect cost information to assess the impact of deep wound infections following dorsal cervical fusion (DCF). We hypothesized that patients with wound infections following DCF would report decreased QOL and incur elevated health care costs.
methods demographics
We retrospectively reviewed electronic medical records (EMRs) for demographic and QOL outcome data. All patients who underwent dorsal cervical spine fusions from 2008 to 2012 were identified. Included were patients with a minimum 5-month follow-up who experienced a deep wound infection as defined by the Centers for Disease Control and Prevention. 16 This criterion includes that the infection occurred within 1 year of surgery, involved deep soft tissues of the incision, and demonstrated at least 1 of the following: purulent drainage from the deep incision, spontaneous or deliberate surgical dehiscence in the setting of a fever or localized pain or tenderness, abscess visualization during examination or reoperation, and diagnosis of deep incisional surgical site infection by a surgeon or attending physician. After identifying the infection cohort, the included patients were individually matched to control patients of the same sex, age ± 5 years, body mass index (BMI) ± 5 kg/m 2 , same operating surgeon, same instrumentation, date of surgery ± 2 years, and duration of follow-up. Where possible, we also controlled for cervical levels operated on; comorbidities including hypertension, coronary artery disease, hyperlipidemia, and diabetes; and preoperative medications.
health measurement data
Patient-reported outcomes (that is, EQ-5D, visual analog scale [VAS] , Patient Health Questionnaire , and Pain Disability Questionnaire [PDQ]) were established through the institutional Knowledge Program. The Knowledge Program is a patient-derived outcome assessment tool embedded in our EMR that prospectively compiles self-assessment data taken at each outpatient visit. The PRO metrics used in this study have all been validated to evaluate patient QOL after spinal surgery. 28 The EQ-5D is an instrument designed to measure and standardize health outcomes. Its values are transformed into an index value known as the quality-adjusted life year, which is a number between 0 and 1, where 1 is equivalent to 1 year in perfect health and 0 is equivalent to patient death. 10 The PDQ uses an 11-point (0-10) scale to assess how pain affects the patient's ability to function in 15 categories. It is subdivided into functional and psychosocial components, which are combined to give a total score with a maximum of 150 points (higher scores indicate greater levels of disability). 13 The PHQ-9 arguably screens for depression based on the 9 criteria established by the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, with scores between 5 and 10 indicative of minor depression and scores higher than 10 indicative of major depression. 18 The minimum clinically important differences (MCIDs) for the EQ-5D, VAS, PDQ, and PHQ-9 values at 1 year were 0.1, 2.6, 26, and 5, respectively.
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cost data
Direct health care cost calculations were collected using the EMR and incorporated postoperative hospital stay, surgery, laboratory, imaging, physical and occupational therapy, and outpatient visits. Outpatient visits, therapy, imaging, and medication costs were collected for a maximum of 2 years postoperatively; follow-up time was matched between the infection and control cohorts. Laboratory costs were collected for 6 months postoperatively to account for tests related to extended antibiotic therapy. Medicare national payment amounts were used to calculate and standardize direct cost data and reflect the charges associated with health care payers. Direct health care costs were calculated based on the primary diagnosis-related group, and national Medicare payment amounts were found in DRG Expert. 9 Current Procedural Terminology codes for the original surgery, repeat surgery, laboratory tests, imaging, therapy, and outpatient visits were used to calculate costs based on the 2013 physician fee reimbursement schedule obtained from the Center for Medicare and Medicaid Services. 5 Medication costs were collected from the 2007 Red Book. 25 To estimate the indirect costs, the median annual household income based on the patient's zip code was converted into a daily wage, which was multiplied by the patient self-reported missed workdays.
1 Cost data were standardized to 2013 dollars using inflation data from the United States Department of Labor Bureau of Labor Statistics (http://www.bls.gov/cpi/cpi_dr.htm#2013).
Statistical analysis
Data were analyzed using JMP pro 10 statistical software (SAS Institute). Descriptive statistics summarizing patient demographics are presented as means ± SDs or counts with percentages as appropriate. Paired t-tests and Wilcoxon signed-rank tests were used for parametric and nonparametric data, respectively, to ascertain significance in the pre-to postoperative PRO score change for each patient for the respective questionnaire. The infection and noninfection cohorts were compared with respect to numeric variables using independent-sample t-tests and categorical variables using Fisher exact tests. Values of p < 0.05 were considered statistically significant.
results demographics
Five hundred fifty-one patients underwent DCF at our institution between 2008 and 2012. From this population, 29 patients (5.2%) were identified as having an infection, with 22 patients (3.9%) meeting the criteria of having a postoperative deep infection ( Table 1 ). The average time to infection was 17 days. Both the infection cohort and the matched controlled cohort comprised 13 men (59%) and 9 women (41%), average age was 60 years, average BMI was 29.8, and average follow-up time was 18 months. There were no statistically significant differences between the infection and noninfection cohorts for any of the demographic or operative variables collected. Of 100 additional patients identified from the larger 551-patient cohort, there were no significant differences in age, BMI, medications, comorbidities, or smoking status compared with the control cohort used in this study.
patient-reported outcomes
Preoperatively, the cohorts were not statistically different in terms of EQ-5D, VAS, PDQ, and PHQ-9 values (Table 2) . At 6 months, the noninfection cohort demonstrated pre-to postoperative improvement that was significant with EQ-5D (p = 0.02), VAS (p = 0.03), and PDQ (p = 0.007) and trended toward significance with PHQ-9 (p = 0.08). At 12 months, the noninfection cohort showed significant improvements with PDQ (p = 0.02) and PHQ-9 (p = 0.03) and improvements of marginal significance with EQ-5D (p = 0.06). The infection cohort showed significant pre-to postoperative improvement with PHQ-9 (p = 0.02) at 6 months and with EQ-5D (p = 0.03) and PHQ-9 (p = 0.03) at 12 months. The only significant difference between the 2 cohorts was seen at 6 months, when the EQ-5D score was significantly greater for the noninfection cohort compared with the infection cohort (0.69 vs 0.54, p = 0.04). At 12 months, there were no statistically significant differences in QOL outcomes between the cohorts. There were no significant differences between the cohorts in terms of percentage achieving an MCID at 1 year.
costs
The cost of the initial surgery was $5731 for both infection and noninfection cohorts. The additional hospital and surgical costs for postoperative wound infections averaged $7062. Postoperative costs, including laboratory tests, medications, imaging, and therapy, were $5200 ± $3931 for the infection cohort and $1670 ± $1298 for the noninfection cohort (p = 0.0005) ( Table 3) . Direct health care costs (surgery and postoperative costs) for patients with a postoperative infection were $16,970 ± $4375 compared with $7658 ± $2625 (p < 0.0001) for those without an infection (Table 4) . Patients with postoperative infections missed an average of 38 days of work, whereas those without postoperative infections missed an average of 15 days. The indirect cost for the infection cohort was $6495 ± $4769, and that for the noninfection cohort was $2756 ± $3563 (p = 0.03). When adjusted for inflation to 2013 dollars, the total cost for the infection cohort was $21,778 ± $5625, whereas that for the noninfection cohort was $9159 ± $4087. For the infection cohort, 1-to 2-level fusions were associated with a total hospital cost of $14,125 ± $2139 compared with fusions of 3 or more levels, which were $17,807 ± $4550 (p = 0.09). Total hospital costs were $21,265 ± $2953 for the 1-to 2-level fusion group and $21,929 ± $5701 for the 3-level fusion group (p = 0.82).
discussion
The financial and QOL implications of postsurgical dorsal cervical infections for patients are poorly characterized in the literature. Although the previously described infection rates of 4.5%-9% 8, 34 have remained relatively constant, the increasing frequency of dorsal cervical surgeries has resulted in a greater absolute number of infections after spinal surgery. 7 The present study was performed to define the impact that infections have on patients undergoing DCF surgery from a QOL and financial perspective. We hypothesized that a deep wound infection following DCF would increase both direct and indirect costs while decreasing patient QOL.
We were unable to identify previous studies that directly evaluated cost and QOL outcomes solely after dorsal cervical surgery. However, controversy exists regarding the patient outcomes following postoperative noncervical spinal infections. In a recent retrospective study that fol- lowed up 30 patients for 2 years postoperatively, Petilon et al. 23 found that patients diagnosed with deep wound infections following dorsal lumbar fusion had significantly worse back pain and were less likely to achieve MCID as measured by the Oswestry Disability Index 2 years postoperatively. They did not, however, identify significant differences for overall QOL as measured by the 36-Item Short Form Health Survey (SF-36). In a prospective study evaluating infections following lumbar arthrodesis, Falavigna et al. 11 found no difference in Oswestry Disability Index, SF-36, numerical rating scale, or Beck Depression Inventory values at the 2-year time point between patients with infections compared to those without. In the present study, we found that at 6 months postoperatively, the noninfection cohort had a statistically significantly improved QOL compared with the infection cohort. This same trend was also seen with the VAS and PDQ measures, showing a significant pre-to postoperative improvement for the noninfection cohort that was not seen for the infection cohort. Whereas the development of a postoperative deep wound infection led to worse clinical outcomes at 6 months, differences between the infection and noninfection cohorts disappeared at the 1-year time point for all questionnaires. Using these validated outcome measures, we were able to investigate the short-term and longer-term QOL outcomes data to establish the impact of a postoperative dorsal cervical infection. Our findings show that although there may be a short-term impact on QOL, by 1 year, a postoperative infection does not affect QOL. These findings are similar to those of previous lumbar fusion studies. 11, 23 Although the long-term impact of postoperative dorsal cervical infection on QOL is minimal, these complications substantially increase the financial burden to the patient and the health care system. In a time of increased fiscal consciousness, federal departments and hospitals are attempting to minimize recovery costs and preventable complications. Whereas the true cost of these infections is difficult to ascertain, methods have been established to estimate and standardize direct and indirect costs across different providers and states. 1, 20, 31 In our study, we found the average direct health care cost of dorsal cervical infec- 20 found the direct cost to be $15,817. This suggests that the location of the infection may have little impact on the cost. In a 2012 study evaluating the short-term direct hospital costs of spinal complications, Whitmore et al. 32 found a cost increase of $4067 for 30 days after a deep wound infection. The difference between their findings and the $12,619 increase found in our study is likely due to the longer follow-up time of the present study.
In addition to greater direct hospital costs, the patients with postoperative infections had more missed workdays. Our analysis found that the infection cohort had 23 additional missed workdays on average, which translated to $3739 more in lost wages for these patients. Including indirect costs, we found that the total cost adjusted for inflation was $21,778 in the infection cohort compared with $9159 in the noninfection cohort. This reflects an average cost of $12,619 for an infection following DCF, with an average 18-month follow-up.
In our study, we found that infections following DCF led to significantly increased health care, societal, and patient costs, as well as short-term decrements in QOL. Additional studies of infection following spinal surgery have corroborated the dramatically increased cost, and some have shown decreased QOL. 20, 23, 32 In light of these findings, efforts are being made to reduce the prevalence of wound infections following spinal surgery. One recent study found that infection rates following posterior lumbar fusions decreased from 3.35% to 0.48% with removal of an outer pair of gloves before handling instrumentation. 26 Additionally, several studies have shown that prophylactic intraoperative application of powdered vancomycin in addition to preoperative intravenous cefazolin significantly decreased postoperative infection rates. 14, 27 One study comparing 911 patients receiving preoperative cefazolin and 2 g vancomycin to 821 patients receiving only preoperative cefazolin found a decrease in infection rates from 2.6% in the control group to 0.2% in the treatment group (p < 0.0001). 27 In that study, there were no complications due to vancomycin use, and the long-term outcome differences between the treatment and control groups were not significant. Additionally, a cost-benefit analysis of adjuvant vancomycin administration found reduced infection rates from 13% (7 of 54) to 0% (0 of 52) and cost savings of $438,165 per 100 posterior spinal fusions.
14 Thus, the authors of that study concluded that the small upfront cost of intraoperative vancomycin application offsets the deleterious financial and health outcomes affiliated with postoperative infection. The benefit of intraoperative vancomycin has not been universal, however, as demonstrated by a recent prospective study of 907 patients, which showed no difference in infection rate between the treatment (1.61%) and control (1.68%) groups. 29 The authors of that study concluded that when infection rates are low, there is no benefit to vancomycin prophylaxis. The cost effectiveness of vancomycin powder in preventing infections after specifically posterior cervical surgeries remains to be evaluated, and a follow-up study comparing the cost and QOL outcomes associated with intraoperative vancomycin use will help clarify this issue. Additionally, the universal use of vancomycin may contribute to the growing resistance of pathogens associated with hospital-acquired infections, which must be factored into the decision-making process.
The conclusions derived from this study are limited by several factors. This was a retrospective analysis with a relatively short follow-up time. One-year follow-up is the standard of care at our institution, and accordingly, completed PRO questionnaires declined to less than 50% after that time. Prospective investigations using a larger cohort and longer postoperative follow-up times of 2 years or longer may yield a more complete assessment of patient outcomes after DCF. Additionally, for the cost analysis, we used the Medicare reimbursement model to approximate costs. This model does not measure the true cost to the hospital or the patient and can serve as an estimate only. It is, however, more generalizable to the other studies in the literature and to national costs. Despite these limitations, our data analysis followed methodologies identified in other primary cost and QOL studies, giving us confidence in the validity of our findings. 1, 20, 31, 32 Given the findings of this study, patients should be consulted during the consent process about the clinical and financial ramifications of postoperative infection.
conclusions
This is the first paper to characterize the clinical and financial impacts of dorsal cervical infections. Deep wound infections following DCFs dramatically increase the cost of care while not significantly affecting the long-term postoperative quality of life. The substantial cost increase imposes a significant burden on patients and the health care system, which may warrant investigation into alternative prophylactic methods to reduce the rate of deep postoperative wound infections. Further, surgeons may preoperatively counsel their patients as to the expected outcome should a postoperative infection arise. Additional prospective studies, with larger sample sizes and longer follow-up time, are warranted to better understand the cost and QOL implications of complications following DCF. 
